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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Hlk53665621]During the SI phase of Rel-17, the solutions for AI-based mobility optimization were captured in 37.817[1], and the potential standard impacts were concluded as follows. However, there remain some open issues to be discussed during the normative phase.
	[bookmark: _Hlk95299126]To improve the mobility decisions at a gNB (gNB-CU), a gNB can request mobility feedback from a neighbouring node. Details of the procedure will be determined during the normative phase. 
If existing UE measurements are needed by a gNB for AI/ML-based mobility optimization, RAN3 shall reuse the existing framework (including MDT and RRM measurements). Whether new UE measurements are needed is left to normative phase based on the use case description.
MDT procedure enhancements should be discussed during the normative phase.
-	Potential Xn interface impact:
-	Predicted resource status info and performance info from candidate target NG-RAN node to source NG-RAN node
-	New signaling procedure or existing procedure to retrieve input information via Xn interface.
-	New signaling procedure or existing procedure to retrieve feedback information via Xn interface.


In this contribution, we further discuss the open issues for AI-based mobility optimization.
2. Discussion
2.1 Input
It remains an open point in the TR whether new UE measurements and MDT enhancements are needed. 
	Whether new UE measurements are needed is left to normative phase based on the use case description.
MDT procedure enhancements should be discussed during the normative phase.


For mobility optimization purposes, we evaluated a model with L1 RSRP measurements as input and predicted RRM measurements as output. The RMSE for the prediction is shown in Table 1.
Table 1. Accuracy of RRM measurement prediction
	
	RRM measurement prediction of 1s later

	FR1
	RMSE = 1.6 dB

	FR2
	RMSE = 3.3 dB


The source cell can select the cell with the highest predicted RSRP as the target cell to avoid HO to the wrong cell. When the cell with the highest predicted RSRP is the serving cell, the source cell can decide not to HO to avoid too-early HO. The HO results based on this scheme are shown in Table 2.
Table 2. RRM measurement prediction based mobility
	
	FR1
	FR2

	
	Legacy HO
	Prediction based HO
	Legacy HO
	Prediction based HO

	HO to the wrong cell
	7.5%
	3.5%
	20.4%
	11.4%


With RRM measurement prediction, the rate of HO to the wrong cell can be significantly reduced. Thus we propose:
Proposal 1: Introduce RSRP prediction from UE as input for mobility optimization.
2.2 Output
During the SI phase, the UE trajectory prediction was identified as one output for mobility optimization. However, whether the trajectory prediction shall be sent to the target cell was not concluded.
	AI/ML-based mobility optimization can generate following information as output:
-	UE trajectory prediction (Latitude, longitude, altitude, cell ID of UE over a future period of time)
	Note:	Whether the UE trajectory prediction is an external output to the node hosting the Model Inference function should be discussed during the normative work phase.
-	Estimated arrival probability in CHO and relevant confidence interval
-	Predicted handover target node, candidate cells in CHO, may together with the confidence of the predication
-	Priority, handover execution timing, predicted resource reservation time window for CHO.
[bookmark: _Hlk96971616]-	UE traffic prediction (will be used by the RAN node internally and the details are left to normative work phase)
-	Model output validity time will be discussed during R18 normative work per inference output.


To our understanding, the UE trajectory prediction over a future period of time is used for the source cell to select the target cell. After the source cell makes the decision, the target cell does not need to know the trajectory prediction for the following reasons:
- The accuracy of output is related to the relative time difference with the input, that is, the closer the time between the input and the prediction, the higher the accuracy.
- The trajectory prediction may get obsolete after the UE HO to the target cell.
- The target cell may perform another UE trajectory prediction if needed.
The target cell only needs to perform the Admission Control based on the information in the HO request, e.g., the requested slice.
[bookmark: _Ref85794494][bookmark: P2]Proposal 2: UE trajectory prediction is not an external output, that is, the node hosting Model Inference function does not need to forward the prediction to other nodes.
As to the validity time of model output, we think it’s beneficial for the case that the prediction is sent to another node and the prediction does not associate with a timestamp. In other words, if the prediction is an internal output, then the validity time is unnecessary as the node may make an immediate decision based on the prediction, or the previous prediction would be replaced by a new one if the prediction does not trigger the action. Besides, for the prediction with a timestamp, the prediction turns useless when the associated timestamp has passed.
With the above principle, the needs to associate with validity time are analyzed as follows:
Table 3. inference output 
	Output
	Internal output and/or already associated with a timestamp
	Needs to associate with a validity time

	UE trajectory prediction
	Internal output and already associated with a timestamp
	No

	Estimated arrival probability in CHO and relevant confidence interval
	Can be sent to the candidate cells and without timestamp
	Yes

	Predicted handover target node, candidate cells in CHO, may together with the confidence of the prediction
	Internal output
	No

	Priority, handover execution timing, predicted resource reservation time window for CHO
	With a timestamp
	No

	UE traffic prediction
	Internal output
	No


Proposal 3: The model output validity time can be needed for the external output that does not associate with a timestamp. 
Proposal 4: The estimated arrival probability in CHO can be associated with a validity time when the serving cell sends the prediction to the candidate cells.
2.3 Feedback

	The following data is required as feedback data for mobility optimization.
-	QoS parameters such as throughput, packet delay of the handed-over UE, etc. 
-	Resource status information updates from target NG-RAN.
-	Performance information from target NG-RAN. The details of performance information are to be discussed during normative work phase. 


The performance information from the target NG-RAN can be used to help the source NG-RAN node to monitor the performance of its AI/ML models. To our understanding, the performance includes two types:
- The actual value of the prediction.
- The outcome of the action that is based on the prediction.
For the actual value of the prediction, the actual UE trajectory (e.g., Latitude, longitude, altitude) and UE traffic can be feedback information. For the other output, the source cell can already get the actual target cell of CHO upon receiving the HANDOVER SUCCESS message from the target cell.
For the outcome of the action based on the prediction, all the unintended events can be seen as the feedback, which has been specified in the SON item.
Proposal 5: Add the actual UE trajectory and UE traffic as performance information from the target NG-RAN to the source NG-RAN.
Besides, the feedback shall be on-demand. That is, the source NG-RAN node shall send a registration request to the targe NG-RAN node for feedback. The request can be periodic, one-shot or event triggered.
Proposal 6: The source NG-RAN shall send a request to the targe NG-RAN node for performance feedback, and the request can be periodic, one-shot or event triggered.
3. Conclusion
Proposal 1: Introduce RSRP prediction from UE as input for mobility optimization.
Proposal 2: UE trajectory prediction is not an external output, that is, the node hosting Model Inference function does not need to forward the prediction to other nodes.
Proposal 3: The model output validity time can be needed for the external output that does not associate with a timestamp. 
[bookmark: _GoBack]Proposal 4: The estimated arrival probability in CHO can be associated with a validity time when the serving cell sends the prediction to the candidate cells.
Proposal 5: Add the actual UE trajectory and UE traffic as performance information from the target NG-RAN to the source NG-RAN.
Proposal 6: The source NG-RAN shall send a request to the targe NG-RAN node for performance feedback, and the request can be periodic, one-shot or event triggered.
4. Reference
[1]. TR 37.817 1.0.0, Study on enhancement for Data Collection for NR and EN-DC

